Abstract Eutetranychus orientalis has become an important pest of the ornamental tree Melia azedarach in the city of Seville (Spain). Trees suffer total defoliation at the end of summer. Studies were conducted in a regular plantation of this tree in the Miraflores Park in 2008 and 2009, to determine the arthropod faunal composition, with particular interest in the possible natural enemies of E. orientalis. Eutetranychus orientalis accounted for 98.3% of the arthropods found on the leaflets. Two species of phytoseiids were found, Euseius scutalis and Euseius stipulatus, but they only represented 0.2% of the arthropods. The most abundant insect was the predator thrips Scolothrips longicornis, which accounted for 0.9% of the arthropods found. The population of E. orientalis reached two peaks in 2008, with 325 individuals per leaflet in August, and 100 individuals per leaflet in November. Scolothrips longicornis densities closely followed E. orientalis, and predation was observed on various mite instars. Phytoseiids did not show such a response to the E. orientalis densities. Eutetranychus orientalis was more abundant in the exterior part of the plantation. No differences of arthropod densities were found between the various orientations in the plantation (north vs. south, east vs. west), although E. orientalis densities were different between rows. Distribution of E. orientalis population was highly aggregative, that of S. longicornis population was less aggregative, whereas the phytoseiid population showed a random distribution.
Introduction
Eutetranychus orientalis (Klein), known as the oriental red mite or the citrus brown mite, has a wide distribution in the Old World, but its country of origin is not clear (EPPO 2010 A (2008 and 2009) and B (only in 2008) , respectively. Zone A was selected to study the population dynamics, distribution and appearance of the arthropods (especially mites) on the trees. The sampling period in this zone covered 2 years, 2008 (with 20 sampling dates distributed along the whole vegetative period of the tree, from May to December) and 2009 (with only four sampling dates). Zone B was considered as a control zone, where it was studied whether weeds played a role in the arthropod composition and population dynamics on the trees.
Zone A was divided in 15 plots (one of the plots was missed due to the design of the zone), containing between 4 and 28 trees, by using a grid with four rows (A-D) and four columns (1-4) (Fig. 1 ). This design allowed several ways of analizing the distribution of the arthropods in zone A: (1) Exterior versus interior, with 11 plots in the exterior part and four plots in the interior part; (2) Orientation, with latitude (seven plots in the northern part, eight plots in the south) and longitude (seven plots in the eastern part, eight plots in the west); (3) Rows (A-D), with four plots in each row, and columns (1-4), with four plots in each column. In each plot, 2-3 leaves were randomly sampled from different trees on each sampling date (with the help of a pruning pole to reach the higher branches), amounting to 34 leaves per sampling date in zone A. Zone B was considered as a unique plot, and 10 leaves were randomly sampled from different trees on each sampling date. A total of 964 leaves were collected in the sampling period (2008 and 2009) in both zones. Leaves were taken to the laboratory to process them. It was observed that when mite densities were low, the mites were distributed more or less evenly over the whole leaf, sometimes with a higher incidence on the basal leaflet. Since M. azedarach has compound leaves, which can reach lengths of around 50 cm or more, a basal leaflet was selected from each leaf and closely observed under a stereomicroscope at 7-459 magnification. All arthropods present were recorded, and those of particular interest (especially mites and natural enemies) were collected in 70% alcohol for further identification. Mites were digested in lactic acid at 45-50°C for 24 h, and mounted in Hoyer's medium until its identification at 4009 magnification. Eutetranychus species was identified following the EPPO (2010) data sheet and the diagnostic description given by Jeppson et al. (1975) . Other tetranychid and phytoseiid species were identified following Ferragut and Santonja (1989) and Ferragut and Escudero (1997) . Dr. Ferragut (Universidad Politécnica of Valencia, Spain), determined and/or confirmed the mite species. The only thrips species found was prepared in the same way and identificated with the help of the Mound et al. (1976) key of Thysanoptera. The rest of the insects were determined by the authors with the help of general keys.
Paired t tests were performed to compare zones A versus B in one analysis, and interior versus exterior parts in zone A in another. In both cases data were the mean density of arthropods of each sampling date in each zone (A vs. B), or interior versus exterior parts in zone A. Densities of arthropods in the plots were submitted to a 3-factor mixed design of repeated measures analysis of variance (ANOVA), where orientation in latitude (north vs. south) and longitude (east vs. west) (in one analysis) and situations in rows (A-D) and columns (1-4) (in other analysis) of the plots where considered as between-groups variables, and the densities of arthropods along sampling dates in each plot as the withinsubjects variable. If factors studied in the analysis of variance were significant at P \ 0.05, then the differences between the means were determined using HSD Tukey test at a 95% confidence level. All data used in each analysis were ln (x ? 1) transformed, to achieve normality and homoscedasticity; untransformed means are presented. All analyses were performed using the SPSS 15.0 package for Windows (SPSS 2006 ) (Taylor 1961 ) was used to study the aggregation of the most significant arthropods found on M. azedarach leaflets, using the mean (m) and variance (s 2 ) of each sampling date of each zone, A and B. Natural logarithms were applied to Taylor's power law to calculate regression parameters a and b.
Results

Species abundance
Acari represented the main group of arthropods observed on the M. azedarach leaves, accounting for 98.7% of the individuals observed (Table 1) . The most important acarine species was E. orientalis, making up 98.3% (70.9 individuals per leaflet) of the individuals observed. Life stage distribution was clearly biased towards eggs, followed by immature stages and females, with males being the least abundant.
Another phytophagous mite present was Tetranychus urticae Koch, with a very low incidence (0.2% of the total population, or 0.12 individuals per leaflet). Tetranychus urticae was always observed in leaves with no E. orientalis, and with a patent web. Mites of the families Tenuipalpidae [the species identified was Brevipalpus phoenicis (Geijskes)] and Tydeidae were also found, but again in very low numbers, representing \0.1% (0.02 individuals per leaflet) of the total arthropods observed. Phytoseiids were present on the leaves although in low numbers, representing only 0.2% (0.15 individuals per leaflet) of the arthropods. Two species were identified, Euseius scutalis (Athias-Henriot) and E. stipulatus (Athias-Henriot), and their life stage composition was very different from that of the phytophagous species, with a greater presence of mobile instars than eggs.
Insects were the other group of arthropods observed on M. azedarach leaves (Table 1 ), but they only represented 1.3% (0.92 individuals per leaflet) of the total population of arthropods. The thrips Scolothrips longicornis Priesner was the most abundant (0.9% of the total population, or 0.66 individuals per leaflet), followed by the California red scale, Aonidiella aurantii (Maskell) (0.2% of the total population, or 0.18 individuals per leaflet). Eggs of Chrysopidae were also observed, but at low numbers (\0.1% of the total 
Population dynamics
Arthropod population dynamics was studied over 2 years (Fig. 2) . Although the study covered the total vegetative period of M. azedarach in 2008 only (May to mid December), the partial dynamics of the arthropod populations showed a similar pattern in 2009. The densities of E. orientalis increased in the middle of summer, reaching a peak of around 325 individuals per leaflet in August 2008. This density quickly decreased at the end of August, but increased again in autumn, reaching densities of around 100 individuals per leaflet in November, coinciding with a late sprouting of the defoliated trees. The few data available from 2009 showed that the first observation of E. orientalis was at the end of July 2009 (very similar to the first observation of the mite in 2008), and the next sampling date in September showed a clearly higher densitiy (Fig. 2) . But the infrequent sampling in 2009 does not allow any conclusion on the height or timing of the population peak in this second year. Scolothrips longicornis was the principal insect which appeared on M. azedarach leaves during the 2-year sampling period. This insect is a known predator of tetranychids, and its density followed closely that of E. orientalis in summer 2008, reaching peaks of around (Fig. 2 ). Our observations confirmed that larvae (and adults) of this thrips were located on leaflets with E. orientalis, and they were also observed feeding on the eggs and immature stages of the mite in both years. Thrips were almost non-existent in autumn 2008. The other arthropods of particular interest observed on M. azedarach leaves were phytoseiids (Fig. 2) , which are generally considered important predators of tetranychid mites (McMurtry and Croft 1997) . The phytoseiids population fluctuated at around 0.2 individuals per leaflet throughout the entire sampling period, both in 2008 and 2009, regardless of the supposed prey density. On no occasion was a phytoseiid observed feeding on any stage of Eutetranychus on leaflets with a medium to high density of E. orientalis, or moving around the mite colonies.
Distribution and aggregation
Densities of E. orientalis, phytoseiids, and S. longicornis were not significantly different between zones A and B, with values of P = 0.95 (t = -0.06), P = 0.23 (t = 1.30) and P = 0.22 (t = -1.41), respectively. The density of E. orientalis in zone A of the Miraflores park was clearly higher in the exterior part (89.2 ± 14.4 individuals per leaflet) than in the interior part (37.4 ± 4.7 individuals per leaflet), with P = 0.0009 (t = 4,28). There were no significant differences in phytoseiids and S. longicornis densities between the exterior and interior parts of zone A, with P = 0.19 (t = -1.47), and P = 0.65 (t = -0.48), respectively. No significant differences were found between north-south and east-west orientations in the Miraflores park for E. orientalis, phytoseiids, and S. longicornis densities, with P values between 0.083 (F 1,12 = 3.59 for phytoseiids in the east-west orientation) and 0.83 (F 1,12 = 0.50 for E. orientalis in the north-south orientation). Interactions between northsouth and east-west orientations were not significant in any case, with P [ 0.58 (F 1,12 = 0.33).
There were differences in the numbers of E. orientalis in the rows of zone A (P = 0.028, F 3,9 = 4.88), but not in the columns (P = 0.92, F 3,9 = 0.16). Row B, with 47.6 ± 13.4 individuals per leaflet, was significatively different from row A, with 120.9 ± 23.7 individuals per leaflet (Tukey's HSD: P \ 0.05). Row C (114.5 ± 29.6 individuals per leaflet) and row D (144.4 ± 31.2 individuals per leaflet) occupied an intermediate position between them. Densities of phytoseiids and S. longicornis were not statistically different within rows and columns of zone A, with P values between 0.12 (F 3,9 = 2.61 for S. longicornis in columns) and 0.56 (F 3,9 = 0.72 for phytoseiids in rows). Interactions between rows and columns were not evaluated due the lack of degrees of freedom.
The mite E. orientalis showed a high aggregation in all of the stages considered (Table 2) , with a global value of b = 1.62. The b value of females was lower (1.53), that of the mobile stages was higher (1.69). The phytoseiids yielded a b value near 1 (1.03), indicating a random distribution, whereas S. longicornis had b = 1.37.
Discussion
One of the main interests of this work was to know the arthropod fauna present on M. azedarach. After the monitoring program developed in 2008 , the Exp Appl Acarol (2011 predominance of the mite E. orientalis over the rest of the arthropods found in this tree was clear. This tree has been planted throughout Seville largely because of its lack of significant pest problems, at least until 2003. The rest of the Acari fauna observed on M. azedarach presented very little numerical importance. The other mites found were T. urticae and few individuals of the Tenuipalpidae and Tydeidae, which appeared in very low numbers and never on the same leaflets together with E. orientalis. Predator mites were represented by two phytoseiid species-E. scutalis and E. stipulatus-also in very low numbers. Euseius scutalis seemed to be more abundant, accounting for 73.3% of the adult phytoseiid females identified. Both species have been previously described in Spain, although it is not very common to see them together due to their different ecological preferences (Ferragut and Escudero 1997) . The life stage distribution of E. orientalis was very similar to that of other tetranychids, such as T. urticae and Panonychus ulmi (García-Marí et al. 1991) , with a predominance of eggs, followed by immature stages, females and males. This was also the case for T. urticae found on M. azedarach.
The group of insects found on M. azedarach was very limited, and the most important species was the thrips S. longicornis. This species is known as a specific predator of tetranychids, capable of their control (Gerlach and Sengonça 1985; Oatman et al. 1985) . Chrysopidae eggs were found (in some of them only the chorion), although no larvae were seen in the samples. The most common phytophagous insect species found on the leaflets of M. azedarach was the California red scale, A. aurantii. This species is common in other trees, like the Seville orange, and other ornamental plants, and this is the first time that it is cited on M. azedarach, but at so low densities that no damage was observed on the leaves.
The population dynamics of E. orientalis on M. azedarach trees in Seville was similar to those found in other countries on different plants, where one or two density peaks were found throughout 1 year (Tanigoshi et al. 1990; KapurGhai and Mandeep 2003; Rabindra et al. 2006; Zhou et al. 2006) , although the timing of these peaks varied among the references. No differences were observed between zones A and B concerning the dynamics of arthropod densities or species composition, and therefore no effect of weeds could be determined. Weeds were sampled on different moments (data not shown), but very few mites were observed on them (phytoseiids, Tetranychus sp. and tydeids, but no E. orientalis). The optimal development temperature for E. orientalis is between 25 and 30°C on Albizia lebbek (L.) Benth (Imani and Shishehbor 2009) and between 21 and 27°C on citrus trees (Bodenheimer 1951 , quoted in EPPO 2010 , and the summer temperatures in Seville (mean temperature around 27-28°C in July-August both in 2008 and 2009) did not seem to be a problem, its density peaking at 325 individuals per leaflet in August 2008 (Fig. 2) .
Phytoseiids are considered as the main predators of tetranychids, and one of the most promising species is E. scutalis, which can adequately develop feeding on E. orientalis nymphs, with high r m values (0.175-0.257) (Momen and AbdelKhalek 2008; Al-Shammery 2010) that are similar or superior to the few r m values (0.094-0.144) obtained for E. orientalis at different temperatures (Imani and Shishehbor 2009) . Euseius scutalis was reported to control E. orientalis numbers at non-damaging densities in lemmon in the Jordan valley (Tanigoshi et al. 1990 ). However, the E. scutalis density found on M. azedarach leaves in Seville did not respond to E. orientalis at all. Furthermore, it seemed to keep a regular level throughout the period of sampling, independently of the supposed prey. This result agrees quite well with the classification of life styles of phytoseiids made by McMurtry and Croft (1997) , who include Eusieus species in Type IV phytoseiids: generalists that cannot normally regulate mite densities (especially when they reach high numbers), and generally feed on pollen and other substances obtained from leaves. Densities of E. orientalis on citrus were as much as 15 mobile stages per leaf, with a good biological control when they were around 4-10 mobile stages per leaf (Tanigoshi et al. 1990 ), whereas mite densities on M. azedarach reached around 150 mobile stages per leaflet. Using an aproximate equivalence of 2-3 lemmon leaves for one chinaberry leaflet, it is easy to understand that mite density on M. azedarach was much higher and a deterrent for the phytoseiid's activity. Moreover, the leaf of M. azedarach is different from the citrus leaf, more hairy and with many nectaries, which can be the source of food for the phytoseiids, instead of feeding on other arthropods.
Research into phytoseiids able to control E. orientalis densities is very extensive (Fouly 1997; Momen and El-Borolossy 1999; Rasmy et al. 2003; Ibrahim et al. 2005; Romeih et al. 2005) but there have been no clear practical results. A promising phytoseiid species is Amblyseius swirskii (Athias-Henriot), which can also adequately develop feeding on E. orientalis Zaher et al. 2007) , and it is commercially produced and extensively used in greenhouses of southern Spain to control a variety of pests (Calvo et al. 2009 ).
The most important predator observed during the sampling period was the thrips S. longicornis, with high densities in both years which followed closely the E. orientalis population (in 2008; no data available for 2009), although it was unable to limit mite numbers and the subsequent damage observed on trees. Other species of Scolothrips have been reported to feed on E. orientalis, such as S. indicus Priesner in India (Walter et al. 1995) , and various Scolothrips species are generally considered to be important predators of tetranychids (Gerlach and Sengonça 1985; Oatman et al. 1985; García-Marí and González-Zamora 1999) .
The mite E. orientalis was most abundant in the exterior part of the M. azedarach plantation of zone A. There were also differences between densities depending on the row considered, with higher densities in the exterior rows, but no differences were observed regarding columns or orientation. Phytoseiids and S. longicornis densities did not show clear differences between the different parts of zone A. This pattern suggests that E. orientalis colonized the area of study from the exterior, perhaps depending on the row situation, whereas the other two groups of arthropods (phytoseiids and especially thrips) are not conditioned by this aspect, showing greater mobility.
Eutetranychus orientalis populations were highly aggregative on the leaflets of M. azedarach, as occurs with many other tetranychids in different crops, with b values around 1.49 ± 0.10 for mobile stages (Jones 1990a; García-Marí et al. 1991) . On the contrary, the phytoseiids found on M. azedarach had a random distribution, which in some way reflects a weak association of the phytoseiids with the mite. This behaviour differs among phytoseiid species which normally feed on tetranychids, with b values ranging between 1.23 and 1.59 (Cross 1984; Wilson et al. 1984; Jones 1990b; García-Marí et al. 1991) . Instead, the thrips S. longicornis showed a relatively high aggregation, conditioned by the presence of its prey.
The problem of E. orientalis in Seville city mainly arises from the visual effect of defoliated trees at the end of summer. An integrated management of this problem should take into account the main predators of the pests observed in this study, with improved knowledge of the biology of the arthropods of interest. It would be interesting to advance in the biology and ecology of the thrips S. longicornis in urban areas, but predators have not been able to limit mite populations until now, and the use of pesticides and substances able to limit mite densities should be considered, whilst at the same time respecting the natural enemies of pests and the environment where they are to be used. Another strategy to consider, if natural presence of predators is not enough to regulate numbers of E. orientalis, is augmentation of predators via inoculative releases, which can be of interest and deserves further study, especially regarding some phytoseiids such as A. swirskii.
